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Synopsis The structural change in the tight junction between human endometrial epithelial cells during the
normal menstrual cycle was observed by means of freeze-fracture replica electron microscopy.

Tight junctions between epithelial cells of the endometrial basal layer showed no alterations in structure
during the menstrual cycle, while those between epithelial cells of the functional layer exhibited remarkable
changes synchronized with the menstrual cycle ; in the early proliferative phase, the tight junctions were
composed of strands running mainly parallel to the luminal surface and the depth of the junctions from the
luminal surface was 0.57+0.04um (Mean +£S.E.), wheras in the late proliferative phase the junction formed
a prominent network of strands 0.80+0.04xm deep. In the early secretory phase, the junctions developed
mostly as a complex network, and the depth was 0.96+0.04xm. In the late secretory phase, the network
consisting of the junctions looked disorderly and the depth of the junctions was reduced to 0.71£0.04pm.

As a conclusion, it was suggested that the tight junction in the human endometrial epithelium tended to
develop or diminish according to the phase of the menstrual cycle.
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cycle.

The authors inteénded to clarify the relationships
between the human menstrual cycle and the
structural changes of tight junctions in the en-
dometrial epithelial cells. The junctions in the
epithelial cells of basal and functional layers of the
endometrium were comparatively examined in all
the stages (early and late proliferative, early and
late secretory phases) of the menstrual cycle.

Introduction

It is well-known that the ultrastructure of the
human endometrial epithelial cells shows marked
changes during the menstrual cycle®'??"~?%. In
detail, few reports have been made on the structural
changes of the tight junction between these epith-
elial cells®1219),

Previous experiments using the freeze-fracture
replica method revealed that the structure of the
tight junctions was altered following the direct
influence of the ovarian hormones in rats and
rabbits'®?®, Murphy et al. (1982)'® observed the

Materials and Methods

Thirteen endometria in various stages of the
menstrual cycle were taken from the human uteri

human endometrium with the freeze-fracture
method and reported that the structure of tight
junctions between the epithelial cells was changed
according to the menstrual cycle. However, this
report was limited only to the observation in the
middle (day 14-16) and later (day 25-26) stages of
the menstrual cycle and hence failed to make
detailed observations during the whole menstrual

removed surgically for various gynecologic indica-
tions ; 3 in the early proliferative phase, 3 in the late
proliferative phase, 4 in the early secretory phase
and 3 in the late secretory phase. Each extripated
specimen was divided to two pieces. Any material
from abnormal endometria was excluded. En-
dometrial tissue with subjacent myometrium was
obtained from anterior or posterior uterine wall.
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One piece of each specimen was prepared for light
microscopy to decide the menstrual phase of the
endometrium according to the criteria of Noyes et
al.'®,

Another piece was fixed for freeze-fracture re-
plica study in a mixture of 2.5% glutaraldehyde
and 2% paraformaldehyde in 0.IM cacodylate
buffer. Under a stereo microscope the tissue piece
was cut into such two portions as the functional
layer including the surface epithelium and the basal
layer adjacent to the myometrium. After the fixa-
tion the tissue specimen was frozen in Freon 22,
transfered immediately to liquid nitrogen and
fractured in a freeze-etching apparatus (Eiko FD-
2A) at a temperture of —120°C. Replicas of the
fracture face were made by evaporating platinum
and carbon, and examined with a transmission
electron microscope (Hitachi H-500).

Results

Prominent tight junctions were found at the
luminal edges of the lateral cell membranes in the
human endometrial epithelial cells. The junctions
appeared as branching and anastomosing ridges of
strands of particles on the P-face and as com-
plementary furrows on the E-face (Fig. 1).

The human endometrial epithelium is composed
of two types of cells, ciliated and non-ciliated. It
has been reported that there is a structural
difference of tight junctions between ciliated and
non-ciliated cells in the mouse oviduct
epithelium'®*®. In the present author’s observa-
tions on the human endometrial epithelium no
structural difference of the junctions was recogn-
ized between these two types of cells.

1. Tight junctions in the epithelium of the fun-
ctional layer

During the menstrual cycle the junctions in the
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Fig. 1. Freeze-fracture replica image of the
human endometrial epithelial cells. A tight
junction is seen at the luminal edge of the lateral
cell membrane (arrow). L :lumen. X 14,000

epithelium of the functional layer indicated distinct
structural alterations as shown in Table 1 and Fig.
2-5.

The junctions in the early proliferative phase
were composed of 8.0+1.0 (Mean +S.E.) strands,
among which several strands on the luminal side
sometimes showed ramification or anastomosis,
while those on the abluminal side revealed a pattern
running in parallel with the luminal surface ac-
companying with few branches or anastomoses
(Fig. 2). The depth of the junctions was .57+
0.04x¢m (Mean +S.E.) from the luminal surface.

The junctions in the late proliferative phase were
made up of 9.4+0.9 strands, and the junctional
pattern showed more complex branching or anas-
tomosing than those in the early proliferative phase
with forming a network (Fig. 3). The depth of the
junctions of 0.80+0.04xm in the late proliferative
phase was significantly deeper (p<0.01) than that
in the early proliferative phase.

The junctions in the early secretory phase had

Table 1. Measurement of the tight junctions in the endometrial functional layer.

early prolif- late prolif- early secre- late secre-
erative phase erative phase tory phase tory phase
Depth of junction (gm)
Range 0.34—0.74 0.65—1.00 0.74—1.04 0.50—0.88
Mean+SE 0.57£0.04 0.80+0.04 0.96£0.04 0.71+0.04
Number of strands
Range 6 —11 6 —11 9—-12 8 —12
Mean+SE 8.0x1.0 9.4+0.9 10.8£0.6 10.4%0.7

Measurements were made parallel to the luminal surface.

NI | -El ectronic Library Service




Japan Soci ety of Cbstetrics and Gynecol ogy

Dec. 1985 TIGHT JUNCTIONS OF HUMAN ENDOMETRIUM 2849
Fig. 2. The tight junction of the functional layer Fig. 4. The tight junction of the fufnctional layer
in the early proliferative phase of the en- in the early secretory phase of the endometrium.
dometrium. The junctional strands run more or The junction shows complex network.
less parallel to the luminal surface. LS :luminal LS : luminal surface. X38,000

surface. X37,000

i‘@; S

Fig. 5. The tight junction of the functional layer
in the late secretory phase of the endometrium.
Strands making the tight junction show irregular-
ly arranged network. LS :luminal surface.

X 27,000

Fig. 3. The tight junction of the functional layer
in the late proliferative phase of the en-
dometrium. Strands making the tight junction
show network profile. LS :luminal surface.

X 52,000

PR

Fig. 6. The tight junction in the basal layer of the
endometriun. Throughout the menstrual cycle
the junctional pattern is similar to that shown in

Fig. 4. L:lumen. X26,000

s

10.8+0.6 strands, and the junctional pattern
showed a more complex network of anastomosing
strands, comparing to those in the late proliferative
phase (Fig. 4). The depth of the junctions in this
phase was deeper than that in the early and late
proliferative phase, indicating 0.96+0.04xm.

The junctions in the late secretory phase were
composed of 10.4+0.7 strands which arranged
disorderly to form the network. The depth of the
junctions was 0.71+0.04xm and significantly shall-
ower (p<0.01) than that in the early secretory
phase (Fig. 5).
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Fig. 7. Schematic representation of the tight junctions in human endometrial

epithelium.

The tight junctions in the epithelium of the endometrial basal layer show no
remarkable alterations in structure during the menstrual cycle, while those of
the epithelium of the functional layer exhibit marked changes.

early prolif-
erative phase

late prolif-
erative phase

late secre-
tory phase

early secre-
tory phase

functional
layer

basal
layer

2. Tight junctions in the epithelium of the basal
layer

The tight junctions in the epithelium of the basal
layer did not show marked changes during the
menstrual cycle. Throughout the cycle, a complex
network was recognized and was similar to that of
the junctions as noted in the epithelium of the
functional layer in the early secretory phase
(Fig. 6). Principal results of this study are sum-
marized in Fig. 7.

Discussion

It has been described that the size and distri-
bution of the tight junctions in various epithelia can
be change by the functional state of the epithelium
or following after the influence of hormones or
pharmacological agents!¥'919~202324 [t has been
also reported that, in rats'® and rabbits?®, the tight
junctions in the endometrial epithelial cells show
marked structural changes by administration of
ovarian hormones. According to previous studies,
the junctional ridges run mainly in parallel with the
luminal surface under the influence of estrogen,
while progesteron makes the junctions more
developed and complex.

In the present study on the human endometrial
epithelial cells, the junctions of the functional layer
in the proliferative phase, during which no effect of
progesteron was suggested, became larger and

showed more complex network than that in the
early proliferative phase. This was a
contradictory finding to those in rats and rabbits.
Unlike the case in rats and rabbits, the tight junc-
tions in human endometrial epithelium showed
rather structural degradation in the late secretory
phase as compared with that in the early secretory
phase (Table 1 and Fig. 7). This finding agrees
with the report by Murphy et al. (1982)'® who stated
that the tight junctions in human endometrium were
deeper and more extensive in the middle stage of
the menstrual cycle than they were in the later.

Unlike the endometrium in rats and rabbits, the
functional layer of the human endometrium des-
quamates transiently during menstruation and ther-
after regenerates, proliferates and develops from
the residue®®!”1”2”_ The fashion of repetition of
development of the epithelium in the functional
layer of the human endometrium resembles the
development of the epithelium in the intestinal
mucosa®?.

Polak-Charcon et al. (1980)2”, who observed
Lieberkuhn’s crypts in human colonic mucosa with
freeze-fracture method, reported that the tight junc-
tions between the epithelial cells soon after their
division at the base of the crypts formed more
complex network and greater depth as the cells
matured and moved upwards. The similar finding
was reported in rat intestinal crypt cells by Tice et
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al. (1979)*.

As in intestinal crypt cells, the tight junctions of
the epithelium in the functional layer of the human
endometrium may secondarily develop in accordan-
ce with development of the whole epithelium during
the menstrual cycle. The disassembly of the
strands of the junctions of the epithelium in the
functional layer of human endometrium in the late
secretory phase may be regarded as the same as a
phenomenon that the epithelial cells regress in the
late secretory phase after a fall in ovarian hormone
levels in the late secretory phase®®!V2?,

The present observation has clarified that the
tight junctions of the epithelium in the basal layer
did not demonstrate marked structural change
throughout the period of the menstrual cycle, and
this fact is in good accord with the previous finding
that no change in epithelium of the basal layer can
be seen during the menstrual cycleV'”.

The tight junction between the epithelial cells is
generally considered to separate the lumen from the
surrounding tissue and permit the epithelium to
create biochemical gradients between their lumina
and underlying tissue?”®??, The tight junctions in
the endometrial epithelial cells may have a role in
controlling the volume and the composition of the
uterine luminal fluid, and possibly they influence
directly humoral emvironment of the embryo'»*®.
It is pointed out, however, that the practical func-
tions of the junctions in the human endometrial
epithelium must be further clarified in future
studies.
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